ABSTRACT Many emu farms are located in areas lacking processing facilities that can handle these birds. Thus, long-distance shipping of birds to an abattoir is necessary. Two experiments were conducted, wherein emus were transported in a modified horse trailer for 6 h to an abattoir. Changes in the indices of stress and metabolic homeostasis (hematology, serum biochemistry, enzymes, and body temperature and weight) were used to evaluate the physiological response to transport. The activities of enzymes alanine aminotransferase, aspartate aminotransferase, and creatine kinase increased significantly (P < 0.001) from pretransport to slaughter, indicating muscle cell wall damages. The body temperature of emus was significantly (P < 0.001) increased from 37.0 to 39.6°C after transport in experiment 1 and from 37.2 to 38.9°C in experiment 2. Transport resulted in significant weight loss in both experiments (P < 0.001; 2.1 ± 0.2 kg vs. 0.6 ± 0.2 kg) and posttransport resting at lairage led to slight regaining (P < 0.01) of BW. Oral administration of supplements before and after transport was effective in protecting against muscle damage and faster recovery of BW losses during lairage. The clinical findings were suggestive of the incidence of exertional rhabdomyolysis and thus underlined the need for careful handling and improved transport conditions of emus.
INTRODUCTION
Emus (Dromaius novaehollandiae) are farmed worldwide, primarily for their fat, but also for their meat, eggs, feathers, and leather (Sales, 2007) . Emu fat is a valuable product because the oil rendered from it is used by the cosmetic industry (Zemtsov et al., 1996) for its moisturizing properties and its permeability through human skin. It has also been used in human naturopath and veterinary medicine (Qiu et al., 2005; Bennett et al., 2008; Lindsay et al., 2010; Abimosleh et al., 2012) because of its cell growth promoting, antiinflammatory, and antioxidant properties.
Many emu farms are located in areas lacking slaughtering facilities that can process these birds (Michael, 2000; Stevens, 2012) . This necessitates the transportation of emus, frequently over long distances, to suitable facilities. Prolonged shipment often results in exposure to stressful and adverse conditions (Mitchell and Kettlewell, 2009 ) causing physiological changes, injury and mortality, and welfare concerns (Grandin, 1999; Smith et al., 2004) . Many critical points in the shipping process of traditional poultry and livestock species have been examined (Smith et al., 2004; Piccione et al., 2005; Huff et al., 2008) , but emus have received little attention. Emus differ from other poultry in their behavioral and physiological requirements (Glatz and Miao, 2008; Black and Glatz, 2011) , and hence strategies to minimize welfare problems specific to this species need to be examined. Emus, like other ratites, are highly susceptible to stress and are prone to exertional rhabdomyolysis (Tully et al., 1996; Smith et al., 2005; Minka and Ayo, 2008) . Several studies have found that nutrient (electrolyte, dextrose, and amino acids) therapy administered pre-or posttransport helped to mitigate the physiological effects of transport stress (dehydration, electrolyte imbalance, energy deficits) in food animals (Schaefer et al., 1995; Smith and Wilson, 1999; Olanrewaju et al., 2007; Arp et al., 2011; Bejaei 2013) .
The objectives of this study were (1) to examine the physiological response of adult male and female emus to transport using indices of stress and metabolic homeostasis (changes in hematology, serum biochemistry, enzymes, and body temperature and weight), and (2) to examine the efficacy of a nutrient supplement to mitigate the physiological responses to transport stress, in emus. Information gathered from this study will aid the Transportation stress and the incidence of exertional rhabdomyolysis in emus (Dromaius novaehollandiae)
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MATERIALS AND METHODS

Experiment 1
This experiment was conducted in collaboration with an emu producer in Saskatchewan, Canada. The shipping trial was conducted in late autumn, just at the start of the emus' breeding season. The experiment was approved by the University of British Columbia Animal Care Committee, under permit #A10-0183.
Experimental Birds. Twenty-four 4-to 6-yr-old emus (14 males, 10 females) were used. They were fed a diet containing barley, alfalfa, and canola, and had access to the natural forages in the outdoor pen. Drinking water was available ad libitum. Sex of emus was determined by cloacal palpation (Samour et al., 1984;  confirmed after slaughter), and their general health and body condition was noted before transport.
Handling. Emus were restrained using procedures recommended by Minnaar and Minnaar (1997) . The handler would calmly approach the emu, catch it from the side or behind, and hold the bird by the base of both wings using both hands. The emu might struggle initially, but would quickly settle down. The bird was then guided by the handler to the sampling area, the transport trailer, or the stunning box.
Nutrient Supplement Treatments. Emus were allocated to 1 of 3 treatment groups: (1) nutrient supplement given both pre-and posttransport (S-S; 4 males and 4 females), (2) nutrient supplement given only pretransport (S-W; 4 males and 3 females), and (3) no nutrient supplement given (control, W-W; 5 males and 4 females). The nutrient supplement (Nutri-Charge, developed at Agriculture and Agri-Food Canada, US Patents 5505968 and 5728675, Lacombe, Alberta) contained electrolytes, an energy source (dextrose), and amino acids (Schaefer et al., 1997) and was added to the emu's diet, in a 1:1 ratio, 2 d before transport. A nutrient supplement was also provided to the S-S emus posttransport in the diet.
Transportation. Emus were randomly loaded, one by one, into 1 of the 2 compartments of a modified horse trailer at 0700 h with a stocking density of 2 emus/m 2 , and transported for 6 h (485 km). The compartment had natural lighting, and the floor was provided with a thick bedding of hay. Loading and unloading accounted for an additional hour of confinement in the compartment. Emus were observed during the transport using a back-up night vision video camera that was connected to a monitor in the truck cab. Upon arrival at the slaughter facility (see below), the emus were unloaded and kept at lairage with access to feed and water, for 15 h before slaughter.
The mean outdoor temperature before transport was 2°C, but on the day of transport it was between 8 and 17°C. The temperature in the trailer ranged from 11 to 22°C (EasyLog EL-USB Data Logger, Akron, OH). The RH varied from 45 to 89%.
Lairage and Slaughter. After transport, emus were rested at the lairage for 15 h, with access to feed and water ad libitum, before slaughter. The emus were slaughtered at a federally inspected research abattoir of Agriculture and Agri-Food Canada in Lacombe and were subjected to percussion stunning (penetrating type captive bolt stun pistol, Cash Special 22Cal, Talford St. Works, Ashton, Birmingham, London, UK) and exsanguinated by a complete ventral cut.
Sample Collection and Processing. Two days before transportation, all emus were weighed, their body temperature (cloacal) measured, bled, and their general health status and body condition assessed (Menon et al., 2013) . This procedure started at 0800 h and lasted until noon. Individual emus were restrained and walked to the sampling area, as described above. While restrained by the handler, the bird and the handler were weighed on a platform scale (Western SK-130-300 Vet Scale, Excell Precision Co, Ltd., Taiwan), tared for the BW of the handler. The bird's body temperature was measured using a digital thermometer (Medline Industries Ltd., Mundelein, IL) inserted approximately 7 cm into the cloaca. A blood sample was then obtained and the bird was then assessed for general health, including the conditions of head, eyes, nostrils, beak, neck, legs, wings, and the body. The level of alertness, mobility, and abnormalities in gait, if any, were noted.
For blood collection, emus were held firmly on a bed of straw by one handler. While a second handler held the neck to raise the jugular vein, the third handler did the venipuncture. All the samples were collected in less than 3 min of restraint. From each emu, 5 mL of blood was collected into lithium heparin (anticoagulant) BD Vacutainer plus blood collection tubes (whole blood for hematological assay) and 5 mL of blood into serum separator tubes (BD Vacutainer Plus) for the serum chemistry components and electrolytes. The samples were stored on ice or refrigerated and the separated serum was kept frozen till laboratory analyses were carried out. Serum was analyzed for total protein (TP), albumin, and triglycerides (TG). Whole blood was analyzed for glucose. Plasma was analyzed for uric acid (UA), creatinine, and the enzyme activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatine kinase (CK), and cortisol. These analyses were carried out using a multichannel auto analyzer (Siemens, Dimension RXL, Terrytown, NY). Plasma corticosterone (CORT) concentration was determined by the ELISA method, using an immunoassay kit (ADI-900-097, Enzo Life Sciences Inc., Farmingdale, NY). The CORT readings from an ELISA reader (BMG Fluostar Galaxy Multifunctional reader, MTX Lab Systems Inc., Vienna, VA) were used for curve fitting with a MasterPlex reader fit quantitative analysis module (Hitachi Solutions America, Ltd., South San Francisco, CA) and expressed in nanograms per milliliter.
Blood smears were made immediately after blood collection to evaluate the heterophil/lymphocyte (H/L) ratio. Hematocrit or packed cell volume (PCV) was determined using the standard microhematocrit method (Campbell, 1994) .
Immediately after transport, emus were reweighed, their cloacal temperature measured, and their general condition was reassessed. However, upon unloading, the emus were showing signs of thermal stress [open beak breathing, rapid breathing (tachypnea), gular flutter, arching of the neck (retrocollis), and bobbing of the head]. We decided not to stress them further and did not collect blood samples at this time. Emus were again weighed just before slaughter (after 15 h of lairage; 0800 to 1400 h), and trunk blood was collected during exsanguination.
Injuries and feather loss were separately classified using a 6-point scale (Table 1) based on Bilcík and Keeling (1999) . Fractured bones and dislocations were also determined at slaughter.
Statistical Analysis. Three index scores were developed for each of the variables: 1) Changes during transport (TS) = posttransport value − pretransport value; 2) Changes during lairage (LS) = posttransport value − at slaughter value; and 3) Overall changes (OS) = at slaughter value − pretransport value.
A positive index score indicated an increase, whereas a negative score indicated a decrease in the corresponding variable.
The GLM procedure of Statistica (Statsoft 10 Inc., Tulsa, OK) was used to determine the effect of supplement, sex and their interactions on TS, LS, and OS, with pretransport BW as a covariate. However, because blood samples were not obtained at the posttransport time point, only OS values were analyzed for the blood parameters. The variables evaluated were tested for normality (Shapiro-Wilk test) and equal variance. The variables AST, CK, CORT, and bicarbonate were subjected to power transformation, and heterophil count, H/L ratio, and calcium were subjected to square root transformation to meet the assumptions. The results are reported as least squares means with their SE.
The statistical model was
where Y is the TS, LS, or OS of one of the variables; S = effect of sex (i = male, female); N = effect of nutrient supplement (j = S-S, S-W, W-W); SN = interaction between sex and supplement; B = covariate pretransport BW; and E = experimental error. When the main effects or interaction were significant, the Bonferroni t-test was used for mean separation. The level of significance was set at P ≤ 0.05. Chi-squared test of independence was done to compare the frequency distributions of injury, feather loss, and total injury scores with further confirmation by Monte Carlo method with 5,000 simulations. Analysis was also carried out using SAS (edition 9.2, SAS Institute Inc., Cary, NC) for determining the effect of transport on all variables and all analyses on glucose, creatinine, TG, ALT, UA, and UA/creatinine ratio (variables with significant pretransport differences between the treatment groups). The variables were tested for normality (Shapiro-Wilk test) and equal variance (Bartlett's test of sphericity). Where necessary, power transformations were done, but the least squares means and SE values are presented.
where S = effect of sex (i = male, female); N = effect of nutrient supplement (j = S-S, S-W, W-W); SN ij = 2-way interaction; O k ( ij ) is the sampling error term; R = time of measurement (l = pretransport, posttransport, at slaughter); RS and RN are the 2-way interactions; and RSN is the 3 way interaction. These effects were tested with the second sampling error term OR kl ( ij ). Post-hoc mean separation was done using Students ttest with Bonferroni's t-test adjustment. Pearson correlation analysis was carried out to determine whether a relationship existed between selected parameters.
Experiment 2
Emus reduce their feed intake considerably during the breeding season and lose a significant portion of their BW during the process (Davies, 2002) . In experiment 1, the emus were shipped at the earlier part of their breeding season and had already reduced their feed intake. Putting the nutrient supplement in their feed may therefore not be effective in preparing them for the shipment. The day of shipment happened to be an unexpectedly warm day, and the emus were suffering from heat stress at the end of the journey. We were not able to obtain posttransport blood samples and missed an important time point to separate the effect of transportation from the whole transportation/ slaughter process. A second experiment was therefore carried out in the following year to further assess the effect of transportation and nutrient supplementation. This experiment was approved by the University of British Columbia Animal Care Committee under permits #A10-0184.
Pilot Study
The objective of the pilot study was to see if the nutrient supplement, when actually consumed by the birds, would be effective in boosting the stress resistance to transportation. The pilot study was carried out in May, when the emus were consuming large amount of feed to regain BW to get ready for the next breeding season. Eight emus (4 males and 4 females) maintained at the University of British Columbia animal facility were divided into 2 groups of 4 birds each with balanced sex ratio. The treatment group was fed the nutrient-supplemented diet as in experiment 1, as well as with the supplement dissolved in their drinking water (9 g/L) for 3 d before transport. The control group was fed the regular diet and drinking water ad libitum. The birds were shipped to an emu farm in Duncan, British Columbia, which is about a 6-h journey (via truck and ferry) from the university campus. The birds were weighed and blood samples taken before and after the transport. Results indicated that while supplementation had no effect on posttransport BW, the emus receiving the nutrient supplement had significantly reduced serum AST and CK values than the control birds at the end of the journey. The birds used in this pilot study were not used in the subsequent main study.
Main Study
This experiment was conducted in collaboration with the same emu producer in Saskatchewan. The shipping trial was also conducted in late autumn, as in experiment 1. Only procedures and conditions that were different from experiment 1 are described below. Twentyeight emus (10 males and 8 females) were used.
Nutrient Supplement Treatments. As in experiment 1, emus were allocated to 1 of 3 treatment groups:
(1) S-S, 4 males and 2 females; (2) S-W, 3 males and 3 females; and (3) W-W, 3 males and 3 females. To standardize the amount of intake, the nutrient supplement was administered (65 g in 200 mL water) orally to individual birds in the treatment groups (S-S, S-W) using a modified calf feeder, while birds in the control group (W-W) received a placebo of same volume (200 mL) of water immediately before transport. This is the optimal one-time feeding volume for emus (Minnaar and Minnaar, 1997) with the completely miscible amount of the supplement. Nutrient supplement was provided to the S-S emus posttransport in drinking water in the same dosage amount as in the pilot study.
Transportation. On the day of transport, outdoor temperature was between −5 to −1°C. The temperature inside the trailer (loaded with birds) ranged from 0° to 17.5°C. Immediately after transport, emus were reweighed, their cloacal temperature measured, and their general condition was reassessed. Blood samples were also taken at this time (1400 to 1600 h).
RESULTS
Experiment 1
Effect of Transport and Lairage BW. Posttransport BW was significantly (P < 0.001) lower (42.1 ± 1.0 kg) than the pretransport values (44.7 ± 1.0 kg). There was a significant (P < 0.001) increase in slaughter BW (42.6 ± 1.0 kg) from posttransport values. However, slaughter BW was still significantly (P < 0.001) lower than pretransport values.
Body Temperature. The body temperature of emus significantly (P < 0.001) increased from 37.0°C pretransport to 39.6°C after transport.
The concentrations of glucose (P < 0.001) and creatinine (P < 0.001) increased significantly from the pretransport to slaughter. The ratio between UA and creatinine decreased significantly (P < 0.001) from pretransport to slaughter. The TP, albumin, globulin, cholesterol, and UA concentrations were not significantly affected by transport. The pretransport values for these variables were 52.1 ± 0.9 g/L, 28.7 ± 0.5 g/L, 23.5 ± 0.6 g/L, 4.4 ± 0.3 mMol/L, and 162 ± 12 µmol/L, respectively.
Serum ALT (P < 0.001), AST (P < 0.001), and CK (P < 0.01) increased significantly from pretransport to slaughter.
The plasma cortisol concentration was less than 1 pg/mL. There was a significant (P < 0.001) increase in CORT from pretransport to slaughter.
The H/L ratio increased significantly (P < 0.05) from pretransport (2.2 ± 0.2) to slaughter (3.2 ± 0.4). The counts of monocytes, basophils, and eosinophils in blood were not significantly affected by transport. The pretransport values for these variables were 4.5 ± 0.4%, 0.4 ± 0.1%, and 0.6 ± 0.2%, respectively.
Electrolytes. Serum calcium, phosphorus, and sodium were not significantly affected by transport, and their respective pretransport values were 4.4 ± 0.3 mmol/L, 2.7 ± 0.3 mmol/L, and 146.9 ± 1.6 mmol/L.
Behavioral Observations. During transport some emus lost their balance, slipped, and fell. These birds then tended to sit down frequently (at least once in every 15-20 min) for the rest of the journey and were trampled on by other birds. Observed behavior during transport included rubbing the neck and sides of the body against the walls of the compartment, open-beak breathing, tachypnea, gular flutter, and increased bobbing and arching of the neck. During lairage, the emus drank water, but declined to feed.
Injuries. None of the birds had any injuries before transport. After unloading, we found that more than half of the birds had sustained bruises and minor wounds. Most of the injuries sustained were on either sides close to the mid central line on the back and on the belly, and on both sides of the legs. Four emus had serious injuries on the thigh and leg. None of the emus had bruises on the head, broken necks, dislocated, or fractured bones when we examined the carcasses after slaughter. The feather losses were mostly from the neck and back. Two-thirds of the emus (16) transported showed open-beak breathing and tachypnea during the latter part of the journey and even after unloading.
Effect of Nutrient Supplement. Nutrient supplement did not have any significant effect on any of the variables evaluated. However, it was observed that the feed consumption of emus during the pretransport period was minimal and the emus might not have taken in the planned amount of supplement.
Experiment 2
Effect of Transport and Lairage BW. The pretransport BW (45.8 ± 0.8 kg) was significantly (P < 0.001) reduced after transport (44.4 ± 0.8 kg) but then increased significantly (P < 0.01) during resting at lairage (45.2 ± 0.8 kg). The BW at slaughter was still significantly (P < 0.01) lower than the pretransport BW.
Body Temperature. The body temperature of emus increased significantly (P < 0.001) from 37.2°C pretransport to 38.9°C posttransport.
Metabolites (Table 2 ). There were significant correlations of pretransport BW with glucose (r = 0.4; P < 0.03) and cholesterol (r = 0.38; P = 0.04).
Both serum glucose and TG concentration increased significantly (P < 0.001) after transport and then decreased significantly (P < 0.003 and P < 0.001, respectively) after resting in lairage. Although the posttransport creatinine concentration was not significantly higher than the pretransport value, the slaughter value was significantly (P < 0.001) higher than the pretransport value. The UA/creatinine ratio was significantly (P < 0.01) decreased from pretransport to posttransport and further decreased (P < 0.01) during lairage.
Enzymes (Table 3) . Serum ALT and AST did not increase significantly after transport, but increased significantly (P < 0.001) after lairage. There was a significant (P < 0.001) increase in CK activity (P < 0.001) after transport, with a further significant (P < 0.001) increase after lairage.
Corticosterone (Table 4) . There was no significant changes in CORT from pretransport to posttransport and from posttransport to slaughter.
Hematology (Table 5 ). There was no significant change in white blood cell (WBC) counts from pretransport (12.9 ± 1.2 10 9 /L) to posttransport (14.3 ± 0.4 10 9/ L) but a significant (P < 0.01) increase from posttransport to slaughter (17.3 ± 1.4 10 9 /L).
The heterophil counts increased significantly (P < 0.001) from 64.6 ± 2.9% (pretransport) to 87.6 ± 1.1% after transport and remained unchanged (88.4 ± 1.2%) at slaughter. The corresponding decrease in lympho- 19.5 ± 2.4 a 8.4 ± 2.4 b 32.1 ± 3.6 a 25.9 ± 3.6 b 6.4 ± 2.9 c a-c Within each experiment, means for each metabolite followed by different superscripts were significantly [glucose: P < 0.001; triglycerides (TG): P < 0.01; creatinine: P < 0.001; uric acid (UA)/creatinine ratio: P < 0.01] different.
1 Data were square-root transformed to meet assumptions of normality and equal variance. 2 Data were power (X 0.1 ) transformed to meet assumptions of equal variance. cyte counts from 30.9 ± 3.0% (pretransport) to 7.4 ± 1.0% (postslaughter) and 8.6 ± 1.0% (at slaughter) was also significant (P < 0.001).
The H/L ratio significantly (P < 0.001) increased from 2.6 ± 0.4 pretransport to 14.3 ± 2.1 posttransport and remained high (14.4 ± 2.6) at slaughter. The PCV and monocytes, basophils, and eosinophils counts were not significantly affected by transport. The pretransport values for these variables were 55.7 ± 0.4%, 4.5 ± 0.4%, 0.4 ± 0.1%, and 0.6 ± 0.2%, respectively.
Electrolytes. Serum calcium, phosphorus, and sodium were not significantly affected by transport, and their respective pretransport values were 4.1 ± 0.4 mMol/L, 2.7 ± 0.3 mMol/L and 146.9 ± 1.6 mMol/L. Serum chloride concentration increased significantly (P < 0.001) from 104.8 ± 0.8 mmol/L pretransport to 110.1 ± 0.6 mmol/L posttransport and then remained unchanged (109.8 ± 0.6 mmol/L) while birds were resting at lairage. Chloride concentration at slaughter was significantly (P < 0.001) higher than the pretransport values. Serum bicarbonate significantly (P < 0.001) decreased from 24.5 ± 0.9 mmol/L pretransport to 21.4 ± 0.9 mmol/L posttransport and then increased significantly (P < 0.001) during lairage to 26.4 ± 0.9 mmol/L. As a result, the pretransport and the slaughter bicarbonate values were not significantly different.
Injuries. None of the birds had any injuries before transport. After unloading, we found some birds with bruises and minor wounds but the number was less than in experiment 1. None of the emus had serious (category 4−5) injuries. Only 6 emus transported showed open-beak breathing and tachypnea during the latter part of the journey.
Effect of Nutrient Supplement. The supplement treatment did not significantly affect the BW of emus during transport (TS). However, during lairage, the S-S emus (1.5 ± 0.2 kg) regained significantly (P < 0.001) more BW than the emus in the SW (0.6 ± 0.2 kg) and W-W groups (0.4 ± 0.2 kg).
The TS and OS levels of plasma AST activity were significantly (P < 0.05) lower in the S-S group than the W-W group (Table 6 ). Orthogonal comparison of emus receiving supplement (S-S and S-W) with the control (W-W) confirmed that nutrient supplement treatment resulted in significantly (P = 0.02) lower LS values for AST activity.
The TS levels of plasma CK activity were significantly (P = 0.008) lower in the S-S group than the S-W or W-W groups (Table 7) . Orthogonal comparison of emus receiving supplement (S-S and S-W) with the control (W-W) confirmed that nutrient supplement treatment resulted in significantly (P = 0.001) lower LS and OS values for CK activity.
An orthogonal comparison of emus receiving supplement (S-S and S-W) with the control (W-W) confirmed that nutrient supplement treatment resulted in significantly (P = 0.04) lower TS values for ALT activity (52 ± 22 IU/L, 142 ± 31 IU/L, respectively).
The overall increase in plasma bicarbonate concentrations at slaughter (OS) was significantly (P < 0.01) lower in the emus in S-S group (1.0 ± 1.7 mmol/L) compared with those in S-W and W-W groups (both with 1.8 ± 1.8 mmol/L). None of the hematological parameters were significantly affected by supplement treatment. 62.9 ± 1.7 a 65.7 ± 2.0 a 64.6 ± 2.9 b 87.6 ± 1.1 a 88.4 ± 1.2 a Lymphocyte counts 2, 3 30.7 ± 1.3 a 27.5 ± 1.7 a 30.9 ± 3.0 a 7.4 ± 1.0 b 8.6 ± 1.0 b H/L ratio 2 2.2 ± 0.2 b 3.2 ± 0.4 a 2.6 ± 0.4 b 14.3 ± 2.1 a 14.4 ± 2.6 a a,b Within each experiment, means for each hematological parameter followed by different superscripts were significantly [white blood cells (WBC): P < 0.01; heterophil: P < 0.001; lymphocyte: P < 0.001; heterophil/lymphocyte (H/L) ratio (experiment 1): P < 0.05; H/L ratio (experiment 2): P < 0.001] different. Relationships Among Variables. The following correlations between variables were significant (P < 0.05). The injury scores were positively correlated to the blood glucose concentrations at slaughter (r = 0.53). The total injury scores were positively correlated to ALT activity after transport (r = 0.59), and the blood glucose concentrations at slaughter (r = 0.64). The increase in body temperature (TS) was positively correlated to the following variables measured after transport: BW (r = 0.54), plasma creatinine concentrations (r = 0.71), creatinine/UA ratio (r = 0.56), albumin/globulin ratio (r = 0.50), and sodium (r = 0.47). The ALT activity at slaughter was positively correlated with plasma UA concentrations (r = 0.47) and negatively to TP (r = −0.51) and albumin concentrations (r = −0.54) at slaughter. The plasma CK activity at slaughter was highly correlated with AST activity (r = 0.85) and UA concentrations (r = 0.65) at slaughter. Blood glucose (r = 0.4; P < 0.03) was significantly correlated with pretransport BW.
DISCUSSION
Emu farms are often located in areas lacking slaughtering facilities that can process these birds, which necessitates their transportation to suitable facilities.
During shipment, emus are exposed to potentially stressful and adverse conditions, which can significantly affect their welfare. However, the welfare of emus during transportation has received little or no attention. This study is the first to examine the physiological responses of emus to transport. We also assessed the efficacy of using a nutrient supplement to alleviate the effects of the stress of transport.
The handling and sampling procedures used in this study could be stressful to emus, so every effort was made to minimize handling. The 2 experiments differed principally with respect to the weather conditions during transport (warm weather in experiment 1 and cool weather in experiment 2), and the mode of administration of the nutrient supplement pretransport (added to the diet in experiment 1 and tube-fed to individual emus using a modified calf feeder in experiment 2). Temperature during transport was likely a major stressor to the emus, as a greater proportion of birds in experiment 1 showed signs of heat stress (open-beak breathing, tachypnea, gular flutter) than in experiment 2, and the birds were more agitated. Furthermore, the emus lost more BW during transport in experiment 1 than in experiment 2, but regained similar amounts during resting in lairage. We did not collect blood samples from the emus after unloading from transport in experiment a,b Means within a row followed by different superscripts were significantly (P < 0.05) different. 1 TS = changes during transport (posttransport value − pretransport value). LS = changes during lairage (posttransport value − at slaughter value). OS = overall changes (at slaughter value − pretransport value). A positive value indicates an increase, whereas a negative value indicates a decrease in AST activity.
2 Data were power (X 0.1 ) transformed. 3 W-W = control; no nutrient supplement given. S-W = nutrient supplement given only pretransport. S-S = nutrient supplement given both pre-and posttransport. a,b Means within a row followed by different superscripts were significantly (P < 0.05) different. 1 TS = changes during transport (posttransport value − pretransport value). LS = changes during lairage (posttransport value − at slaughter value). OS = overall changes (at slaughter value − pretransport value). A positive value indicates an increase, whereas a negative value indicates a decrease in CK activity.
2 Data were power (X 0.1 ) transformed. 3 W-W = control; no nutrient supplement given. S-W = nutrient supplement given only pretransport. S-S = nutrient supplement given both pre-and posttransport.
1, as we did not want to stress them further. Thus we cannot fully differentiate between the effects of transport and lairage separately in experiment 1.
Effect of Transport and Lairage
Animals face many stressors during transport, including catching and handling, loading and unloading, novel environment, vibrations and jarring in the transport compartment, and exposure to extremes of meteorological and microclimate conditions (Wotton and Hewitt, 1999; Minka and Ayo, 2008; Bejaei, 2013) . These factors stimulate the release of stress hormones (Sapolsky et al., 2000) , which in turn cause changes in biochemical variables such as glucose and TG, in an effort to maintain homeostasis (Remage-Healey and Romero, 2001; Huff et al., 2008; Minka and Ayo, 2008; Voslarova et al., 2011) .
Metabolites. In this study, blood glucose concentrations were elevated during transport (Table 2) probably by the actions of catecholamines and glucocorticoids (Nijdam et al., 2005; Bedanova et al., 2007; Zhang et al., 2009; Vazquez-Galindo et al., 2013) . Emus with greater injury scores had significant greater increases in blood glucose concentrations as a part of the stress response. Triglycerides are the major energy source in birds and their decrease after transport was indicative of nutritional stress from feed withdrawal and gluconeogenesis (Remage-Healey and Romero, 2001; Huff et al., 2008) . This reduction continued till slaughter, indicating the reliance on TG as an energy source (Delezie et al., 2007) , as the emus did not eat while in lairage.
Plasma creatinine concentration did not change during transportation, but was significantly greater at slaughter in both experiments. Increased creatinine concentration is indicative of muscle protein turnover (Hochleithner, 1994) , dehydration (Harr, 2005) , or renal dysfunction (Giovannini et al., 2006) . Uric acid is increased in protein catabolism. Packed cell volume and TP are indicators of blood volume and should be high in animals suffering dehydration. Because there were no significant changes in UA, PVC, and TP in our study, we can rule out dehydration as a cause for increased plasma creatinine (Hochleithner, 1994) . Handling and transport causes muscle damage and lysis of muscle cell walls (Wotton and Hewitt, 1999; Petracci et al., 2010) , releasing myoglobin pigments that accumulate in the renal tubules, resulting in kidney dysfunction (Perelman, 1999; Huerta-Alardín et al., 2005) and elevated creatinine concentrations. Furthermore, the UA/ creatinine ratio was significantly reduced after transport in experiment 2, suggesting a mild degree of renal dysfunction in the emus (Lumeij, 1987; Hochleithner, 1994) .
Enzymes. The CK activities in ratites are generally higher than in other birds (Doneley, 2006) . The activities of the enzymes AST, ALT, and CK in plasma increase significantly following handling, loading, and transporting in many species (Scope et al., 2002; Kannan et al., 2003; Maria et al., 2004; Huff et al., 2008; Baird et al., 2012; Bejaei, 2013) due to increased permeability of muscle cell membranes (Williams and Thorne, 1996) . In this study, their concentrations were significantly elevated at slaughter indicating physical stress and muscle damage in the emus after transport and lairage. Highly elevated CK activities occur in exertional rhabdomyolysis (Veenstra et al., 1994; HuertaAlardín et al., 2005; Walid, 2008; Linares et al., 2009) , a condition to which ratites are susceptible (Tully et al., 1996; Smith et al., 2005; Minka and Ayo, 2008 ; see discussion below).
Corticosterone. Corticosterone is the major stress hormone in ratites (Wolmarans, 2011; Lèche et al., 2013) . Corticosterone concentrations should be interpreted with respect to the pretransport values and other variables because wide variations are possible due to the pulsatile release (Romero and Reed, 2008) . Increased CORT concentrations after transport have been reported in chickens (Nijdam et al., 2005; Delezie et al., 2007; Zhang et al., 2009) , ostriches (Mitchell, 1999; Wolmarans, 2011; Bejaei, 2013) , and rheas (Lèche et al., 2013) . In this study, CORT concentrations of emus were significantly increased at slaughter in experiment 1, likely reflecting the increased stress experienced by these birds during transport under warm weather conditions (Giloh et al., 2012) . As stated above, a greater proportion of emus in experiment 1 were heat stressed and agitated, but because we did not collect blood samples from the emus in experiment 1 after unloading, we could not confirm elevated plasma CORT concentrations in these birds during transport. Plasma CORT level was elevated 40-fold in rheas after transport for 30 min (Lèche et al., 2013) , but only 2-fold in ostriches after transport for 4.5 h (Mitchell, 1999) . This may indicate that, in ratites, elevation of CORT peaks early at the beginning of the transport process and shows large temporal variation. Elevated CORT concentrations were not observed after 6 h of transport in experiment 2. We may have missed the early peak of elevation when the emus were bled after unloading. Alternatively, we can interpret that the birds in experiment 2 were less stressed than the birds in experiment 1.
BW. Weight loss during transport may be due to the loss of intestinal contents, electrolyte imbalances, dehydration, loss of tissue mass, or a combination of these (Richardson, 2005; Schwartzkopf-Genswein et al., 2007; Minka and Ayo, 2011) . The decrease in BW in experiment 2 presumably reflects the loss of intestinal contents (Orlic et al., 2007) because the birds showed no signs of dehydration. The BW loss of emus during transport in experiment 1 almost doubled that of experiment 2 and likely reflects higher evaporative losses and dehydration (Vošmerová et al., 2010) in addition to the loss of intestinal contents. In both experiments, emus recovered similar amounts of BW while resting at lairage. Weight loss is detrimental to producers because it affects the quality and quantity of the meat and results in economic loss.
Body Temperature. Body temperature increases during transport may be due to metabolic imbalances in response to stress (Elrom, 2000; Warriss et al., 2005) . This increase reflects a major transport welfare issue of ratites (Crowther et al., 2003; Piccione et al., 2005; Minka and Ayo, 2008) , particularly in emus, with large subcutaneous fat deposits (Kim et al., 2012 ) that insulate and prevent dissipation of the heat load. In this study, the increase in body temperature was correlated to the size of the emu. The increase in body temperature after transport was high in experiment 1 probably due to higher ambient temperature and RH (Kettlewell et al., 2003; Yalcin et al., 2004) .
Hematology. The elevation of total WBC and heterophil counts of emus after transport in experiment 2 may be due to splenic and bone marrow responses (Minka and Ayo, 2008; Wolmarans, 2011) . Inflammation following injuries during handling and transport has also been reported in ostriches (Davis et al., 2008; Wolmarans, 2011) . The increase in H/L ratio of emus was significant only in experiment 2. This may reflect increased stress level due to the additional handling of the emus for tube feeding of supplement and additional posttransport blood sampling in experiment 2. The H/L ratio has been used as an indicator of chronic stress in poultry (Gross and Siegel, 1983; Smith et al., 2004; Bedanova et al., 2007; Singh et al., 2009) . Our results suggest that H/L ratio, in combination with other indicators, can be used to assess handling and transport stress in emus (Scope et al., 2002; Moneva et al., 2009) as in the case of ostriches (Kamau et al., 2002; Ayo, 2008, 2011) .
Electrolytes. Dehydration during transport causes increases in plasma electrolyte concentrations (Bilgili et al., 2006; Gonzalez et al., 2007; Vazquez-Galindo et al., 2013) . With the exception of plasma chloride, electrolyte concentrations were unchanged at slaughter, thus confirming that the emus in experiment 2 were not suffering from dehydration. Bicarbonate concentrations often decrease during heat stress, due to the loss of carbon dioxide with rapid, deep respiration (Debut et al., 2005) . In our study, the decrease in plasma bicarbonates during transport returned to pretransport concentrations at slaughter, confirming the benefit of resting emus at lairage after transport.
Resting emus at lairage was beneficial as evidenced by the marginal regaining of BW, and the lowering of glucose, WBC, heterophil counts, and improvements in bicarbonate.
Behavioral Observations. Open-beak breathing, tachypnea (rapid breathing), and gular flutter observed in the emus have also been reported in transported ostriches (Wotton and Hewitt, 1999) , and are associated with heat stress. Heavy panting in emus results in arterial hypoxemia, which affects cell functions and vitality (Jones et al., 1983) . These behaviors were more conspicuous in emus transported during warm weather due to the build-up of humidity and temperature inside the compartment (Piccione et al., 2005) . The significantly higher hyperthermia in these emus further confirms the allostatic load on them. There were also more severe injuries (category 4-5, Table 1) in experiment 1 because more emus sat down (probably due to exhaustion) and were trampled.
Injuries. Injuries during transport were a result of trampling by other birds (Wotton and Hewitt, 1999; Meyer et al., 2002; Glatz, 2011) , and jarring against the compartment walls. Feather losses were caused by handling, rubbing against each other or rough surfaces (Wotton and Hewitt, 1999; Orlic et al., 2007) , and possibly stress molting (Moller et al., 2006) . This revealed the need for better handling techniques and provision of smooth walls inside the truck compartments while transporting emus.
Efficacy of Nutrient Supplements in Alleviating Stress
In beef cattle and ostriches, the hypotonic concentrations of electrolytes, energy source (dextrose), and amino acids in the nutrient supplement (Schaefer et al., 1995 (Schaefer et al., , 1997 (Schaefer et al., , 2001 Arp et al., 2011; Bejaei, 2013) provided a protective effect on hepatic and muscle cell walls. Our findings (from experiment 2) confirmed the need for administering nutrient supplements pre-and posttransport to reduce gluconeogenesis and glycogenolysis (Schaefer et al., 2001) . The supplement when given before and after transport was successful in reducing muscle damage, resulting in significantly less leakage of the enzymes AST and CK. Our findings also showed that supplementing both pre-and posttransport was more effective than pretransport treatment alone in alleviating stress in emus.
Emus are usually shipped to the processing plant at the beginning of the breeding season, when they have the thickest layer of subcutaneous fat. Unfortunately that is the same time when they have reduced their feed intake. Nutrient supplement has to be administered individually by gavaging, but this may increase handling stress. Administering the nutrient supplement via drinking water may be a viable compromise.
Rhabdomyolysis
The overall clinical indicators of transport stress in emus from our study included hyperthermia, metabolic imbalances (increased glucose concentration, decreased TG concentration, increased WBC count and H/L ratio), cell damages (elevated ALT, AST, and CK activities), and renal dysfunction (decreased UA/creatinine ratio). These clinical signs are suggestive of exertional rhabdomyolysis or capture myopathy, a condition to which ratites are highly susceptible (Tully et al., 1996; Smith et al., 2005; Minka and Ayo, 2008) . Clinical findings of exertional rhabdomyolysis may range from asymptomatic increase in the CK activity, to paralysis and death. Very high increases (>10×) in CK activity (Nicholson et al., 2000; Höfle et al., 2004; Paterson, 2007) and reduced blood UA/creatinine ratio are pathognomonic to exertional rhabdomyolysis (Walid, 2008; Linares et al., 2009 ). Pathogenesis of this condition is by striated muscle damage (Baird et al., 2012) , leading to leakage of cell contents into the blood stream (Paterson, 2007) , increased AST and CK activities (Harr, 2005; Marco et al., 2006) , heterophilic leukocytosis (Smith et al., 2005) , hyperthermia, hyperglycemia (Nicholson et al., 2000) , electrolyte imbalances, acute renal failure, shock, and intravascular coagulation (Huerta-Alardín et al., 2005; Linares et al., 2009; Baird et al., 2012) resulting in brain damage (Wotton and Hewitt, 1999) . Pursuit, catching, restraint, and transportation have been reported to cause this condition in a variety of birds, including red-legged partridges (Alectoris rufa; Höfle et al., 2004) , eastern wild turkeys (Meleagris gallopavo silvestris; Nicholson et al., 2000) , little bustards (Tetrax tetrax; Marco et al., 2006; Ponjoan et al., 2008) , and ratites (Tully et al., 1996; Smith et al., 2005) .
Cases of rhabdomyolysis were confirmed by examination of leg and thigh muscles of the transported emus (Menon, 2013) . Hence this study confirmed the rhabdomyolytic changes occurring in emus during handling and transport. Immediate care should be provided to nonambulatory emus to ensure their welfare. Predisposition to exertional rhabdomyolysis warrants careful handling and transporting of emus. This again confirms the need for improved conditions inside the truck and minimal handling to avoid physical injuries. This issue should be of serious concerns to the producers because injuries and rhabdomolysis will cause downgrade of fat and meat.
Conclusions and Recommendations
Emus in this study were transported for 6 h and experienced elevated body temperature, weight loss, metabolic imbalances, and altered immune status, in addition to injuries. The clinical picture is suggestive of muscle injury and point to the incidence of exertional rhabdomyolysis. Resting overnight after transport helped improve the welfare of emus to some extent and hence is recommended. Administration of electrolytes and nutrients supplements to emus before and after transport helped to alleviate the stress imposed on them. Emus should be transported during night or during cooler weather to avoid thermal stress. Improved trailers or air sprung trucks to minimize vibrations, and ramps and chutes to facilitate easier loading and unloading are needed. Better loading and unloading techniques to avoid injuries, combined with minimal and careful handling to avoid instances of exertional rhabdomyolysis, are also recommended. 
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